Background Type 1 Modic changes are characterized by edema, vascularization, and inflammation, which lead to intervertebral disc degeneration. Macrophage migration inhibitory factor (MIF) is a proinflammatory cytokine closely related to the inflammatory cytokines detected in degenerative intervertebral disc tissues. However, the existence and role of MIF and its receptor CD74 in intervertebral disc degeneration have not been elucidated. Questions/purposes We asked whether (1) MIF and its receptor CD74 are expressed in cartilage end plates with Type 1 Modic changes, (2) MIF is associated with cartilage end plate degeneration, (3) the MIF antagonist (S, R)-3(4-hydroxyphenyl)-4, 5-dihydro-5-isoxazole acetic acid methyl ester (ISO-1) suppresses MIF-induced inflammatory cytokine release, and (4) inflammatory cytokines are released by cartilage end plate chondrocytes via CD74 by activating the CD74 antibody (CD74Ab). Methods We examined MIF and CD74 expression by human cartilage end plate chondrocytes and tissues with Type 1 Modic changes from eight patients using immunocytofluorescence and immunohistochemistry. MIF production by the chondrocytes was assessed by ELISA and PCR. We compared cytokine release by chondrocytes treated with MIF in the presence or absence of exogenous ISO-1 by ELISA. Cytokine release by chondrocytes after treatment with CD74Ab was determined by ELISA. Results MIF was expressed in degenerated human cartilage end plate tissues and chondrocytes. Lipopolysaccharide and tumor necrosis factor a (TNF-a) upregulated MIF expression and increased MIF secretion in chondrocytes in a dose-dependent manner. MIF increased the secretion of IL-6, IL-8, and prostaglandin E2 (PGE2) in a dose-dependent manner. ISO-1 reduced the secretion of IL-6, IL-8, and PGE2. CD74Ab activated CD74 and induced release of inflammatory cytokines. Conclusions Chondrocytes in cartilage end plate with Type 1 Modic changes express MIF and its receptor CD74.
Introduction
Cartilage end plates play an important role in transporting nutrients to the nucleus pulposus. The structural change of the cartilage end plate is the key factor initiating and enhancing disc degeneration [25] . A Modic change is a common phenomenon on the vertebral end plates and correlates with clinical symptoms. It can be divided into three types of changes (Types 1, 2, and 3 Modic changes), based on abnormalities in the vertebral end plates and adjacent bone marrow observed on MR images [28] . Histologic studies have shown that Type 1 Modic changes are characterized by edema, vascularization, and inflammation, which might be the potential mechanisms underlying low back pain [3, 26] . Research has shown that cartilage end plate chondrocytes can express and secrete proinflammatory cytokines and that these cytokines are involved in the pathogenesis of cartilage end plate degeneration [29] . Ohtori et al. [29] found that tumor necrosis factor-a (TNFa) is discovered in the cartilage end plates of patients and control subjects, and the expression of these proinflammatory cytokines was significantly greater in patients with Type 1 Modic changes compared with expression in patients with Type 2 Modic changes and control subjects.
Macrophage migration inhibitory factor (MIF) is a multifunctional cytokine that plays an important role in many pathophysiologic responses in vivo [6, 23, 24] . As an important proinflammatory cytokine, MIF can counteract glucocorticoid signaling by activating immune or inflammatory cells and promoting inflammatory cytokine release [9] . Moreover, MIF has been shown to induce various pathologic events, such as acute respiratory distress syndrome [15] , arthritis [22] , glomerulonephritis [20] , and angiogenesis [12, 30] . Moreover, Type 1 Modic changes of cartilage end plates are characterized by an inflammatory reaction, but to our knowledge, the relationship between MIF and cartilage end plates with Type 1 Modic changes has not been investigated. MIF is closely associated with proinflammatory cytokines detected in degenerative cartilaginous tissues and the intervertebral disc, such as TNF-a, IL-1b, IL-6, IL-8, and interferon c (IFN-c). Crock [13] suggested that toxic chemicals produced by the nucleus pulposus can diffuse through the cartilage end plate, and these proinflammatory cytokine signals might exert potent autocrine and paracrine effects on cell activation and inflammatory response during cartilage end plate injury and degeneration. We found that MIF expressed in the nucleus pulposus can inhibit the migration of cartilage end plate-derived stem cells by reacting with CD74 [33] . However, the potential inflammatory role of MIF in cartilage end plate degeneration remains unclear, and inhibiting the function of MIF might counter inflammation response and exert potential therapeutic effects. CD74 functions as a receptor for MIF and is highly expressed in inflammatory disorders accompanied with MIF expression [27] . CD74 is important for MIF to mediate its biologic activities in vivo, and the upregulation of cell surface receptor CD74 is a step toward mediating MIF-CD74 signal transduction [27] . MIF binds to CD74 and activates signal transduction, leading to the production of proinflammatory cytokines [7] .We also showed that CD74 inhibition might enhance the homing capability of cartilage end plate-derived stem cells toward to disc lesions [33] . However, the potential inflammatory role of CD74 in cartilage end plate degeneration remains unknown, and it might be involved in the pathogenesis of cartilage end plate inflammation. We therefore explored the role of MIF in cartilage end plate degeneration. We asked whether (1) MIF and MIF receptor CD74 are expressed in cartilage end plates with Type 1 Modic changes, (2) MIF is associated with cartilage end plate degeneration, (3) the MIF antagonist (S, R)-3(4-hydroxyphenyl)-4, 5-dihydro-5-isoxazole acetic acid methyl ester (ISO-1) suppresses MIF-induced inflammatory cytokine release, and (4) inflammatory cytokines are released by cartilage end plate chondrocytes via CD74 by activating CD74 antibody (CD74Ab).
Patients and Methods

Patients and Samples
Human degenerated disc samples were obtained from five male and three female patients (mean age, 52.5 years; range, 36-62 years) undergoing multilevel posterior discectomy and fusion for degenerative lumber disease at Xinqiao Hospital (Table 1) . A Modic classification system for cartilage end plate degeneration was used. The mean intraobserver kappa value is 0.91and 0.94, and the mean interobserver kappa value is 0.92. Degenerated cartilage end plates were harvested by two experienced spine surgeons (JW, CL), according to a protocol described previously [17] , and washed in sterile phosphate buffered saline (PBS; 0.1 mol/L, pH 7.4). Patients with autoimmune and infectious diseases such as rheumatoid arthritis, inflammatory bowel disease, and septic shock were excluded. We obtained institutional review board approval from the Third Military Medical University and documented informed consent in each case.
Cartilage End Plate Expression of MIF and CD74
We used immunohistochemistry and immunocytofluorescence to determine the expression of MIF and CD74 in cartilage end plates with Type 1 Modic changes at the tissue and cell levels, respectively. MIF and CD74 were localized by immunohistochemistry in eight intervertebral disc samples using a previously described protocol [33] . Fourmicrometer paraffin sections were dewaxed, hydrated, and washed with distilled water. Then, sections were blocked for endogenous peroxidase with 3% hydrogen peroxide. After antigen retrieval in citrate buffer, samples were washed three times in PBS with 0.1% Triton X TM (Dow Chemical Co, Midland, MI, USA) and treated with PBS with 0.1% Triton X TM and 1% bovine serum albumin. Five sections for MIF staining and five for CD74 staining were obtained from each of the eight patients. The sections were washed three times with PBS, followed by incubation with primary monoclonal rabbit anti-human CD74 antibody (1:100; Epitomics, Burlingame, CA, USA) or polyclonal rabbit anti-human MIF antibody (1:100; Santa Cruz Biotechnology, Santa Cruz, CA, USA) overnight at 4°C. The sections then were washed, followed by incubation with peroxidase-conjugated antirabbit immunoglobulin G (IgG) second antibody (1:500; ZSGB-BIO, Beijing, China) for 30 minutes at room temperature. Final reaction products with 3, 3 0 -diaminobenzidine and hematoxylin counterstaining were observed by light microscopy (BX60; Olympus, Tokyo, Japan). For negative controls, the primary antibodies (anti-CD74 and anti-MIF) were omitted.
Cartilage End Plate Degeneration and MIF
To answer our second question, ELISA and reverse-transcriptase (RT)-PCR were used to determine the effect of proinflammatory cytokines on the cartilage end plate chondrocyte-derived MIF release. We then tested the effect of recombinant MIF (r-MIF) on IL-6, IL-8, prostaglandin E2 (PGE2), TNF-a, and IL-1b secretion by cartilage end plate chondrocytes.
Surgically explanted cartilage end plate tissue was kept in a culture medium with sterile PBS. The cartilage end plate was examined carefully to remove the nucleus pulposus, annulus fibrosus, and granulation and ligament tissue using an ophthalmic surgery set under a dissecting microscope (magnification, 94). Then, the cartilage end plate tissues were minced into 1-mm 3 morsels. As we did in an earlier related experiment [33] , cells were isolated in Dulbecco's Minimum Essential Medium (DMEM)/F12 with 0.2% Type II collagenase (Sigma-Aldrich, St Louis, MO, USA) at 37°C for 12 hours. Suspended cells were filtered through a 70-lm filter to minimize cell aggregates. The suspension was transferred to sterile 15-mL polypropylene culture tubes, and all tubes were centrifuged at 100 g for 5 minutes. The suspension solution was discarded and pellets resuspended in DMEM/F12 with 10% fetal calf serum; 1% penicillin-streptomycin (Life Technologies, Grand Island, NY, USA) was added to eliminate bacteria. Total cell numbers in tissue samples ranged from 1.5 9 10 4 to 5.0 9 10 4 cells. The cells in culture bottles were cultured in 5% CO 2 at 37°C. The culture medium was replaced at 3-day intervals for the first three subcultures to eliminate macrophages or other leukocytes.
At the fourth passage, cells were plated on a cell culture dish (NEST Biotech Co, Ltd, Shanghai, China). First, when confluence was obtained, the cells were fixed in 100% methanol and treated with 0.1% Triton X TM and 1% bovine serum albumin. Cells were stained with primary monoclonal rabbit anti-human CD74 antibody (1:100; Epitomics) or polyclonal rabbit anti-human MIF antibody (1:100; Santa Cruz Biotechnology) overnight at 4°C. Three samples were used for each type of staining, each repeated three times. The cells were washed three times in PBS with 0.1% Triton X TM and then stained with the second antibody using fluorescein-5-isothiocyanate (FITC)-conjugated goat anti-rabbit IgG (1:500; ZSGB-BIO) for 1 hour at room temperature. Next, the cell nuclei were stained with 4 0 , 6-diamidino-2-phenylindole (DAPI) (0.1 lg/mL; SigmaAldrich). For negative controls, the primary antibodies were omitted. The cell culture dish was examined with a laser scanning confocal microscope.
MIF, IL-1b, TNF-a, IL-6, IL-8, and PGE2 concentrations in the conditioned medium were assayed using a commercially available ELISA kit (r-MIF; R&D Systems, Minneapolis, MN, USA) in accordance with the manufacturer's recommendations. Absorbance was measured at 450 nm using a microplate reader. 
Suppression of MIF-induced Inflammatory Cytokine Release
We compared the r-MIF-induced inflammatory cytokine expression in the presence and absence of exogenous MIF antagonist ISO-1. MIF and ISO-1 were added to the DMEM/F12 before ELISA. ISO-1 was added 30 minutes before the assay where indicated. Absorbance was measured at 450 nm using a microplate reader. Three independent experiments with triplicates were performed in each experiment; the results were expressed as mean ± 95% CI.
Activation of CD74 Antibody
We tested the effect of CD74Ab on inflammatory cytokine release by cartilage end plate chondrocytes. In some experiments, CD74-activating antibody (CD74Ab; Santa Cruz Biotechnology) was added to the DMEM/F12 before ELISA where indicated. The CD74Ab was dialyzed against sodium azide. The above protocol was described by Can et al. [11] . Absorbance was measured at 450 nm using a microplate reader. Three independent experiments with triplicates were performed in each experiment; the results were expressed as mean ± 95% CI. Total RNA was extracted from macrophages using a commercially available RNase kit (Qiagen GmbH, Hilden, Germany) in accordance with the manufacturer's instructions. cDNA was obtained from the total RNA using RNase-free DNase (Qiagen). Purified RNA was quantified using a spectrophotometer (Beckman, Fullerton, CA, USA) measured at 260 and 280 nm. Total RNA was reversetranscribed into cDNA and amplified by PCR using the ThermoScript TM RT-PCR system (Life Technologies) ( Table 2) . mRNA levels were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA levels. The above protocol was described previously [10, 11] . Three independent experiments with triplicates were performed in each experiment; the results were expressed as mean ± 95% CI.
Statistical Analysis
Data are expressed as mean ± 95% CI of three independent experiments. Data were analyzed using one-way ANOVA comparisons of factors varying between groups. Significance was set at p \ 0.05. We performed statistical analyses with SPSS 1 for Windows 1 19.0 (IBM Corp, Armonk, NY, USA).
Results
Cartilage End Plate Expression of MIF and CD74
Staining showed MIF and CD74 appeared diffusely throughout human cartilage end plate specimens with Type 1 Modic changes. Type 1 Modic changes had decreased signal intensity on T1-weighted MR images (Fig. 1A) and increased signal intensity on T2-weighted images (Fig. 1B) . The cartilage end plate is a white and translucent horizontal layer of hyaline cartilage (Fig. 1C) . Adherent spindle-shaped cells can be seen on the plate (Fig. 1D) . Immunohistochemical staining showed that MIF was stained on the cytoplasm and process of the chondrocytes at 9400 (Fig. 2A) and 9630 (Fig. 2B) . CD74 also was found on the membranes of chondrocytes at 9400 (Fig. 2C) and 9630 (Fig. 2D) . There was no staining in negative control samples at 9400 (Fig. 2E) and 9630 (Fig. 2F) . Immunofluorescence showed that MIF and CD74 immunoreactivity appeared in cartilage end plate chondrocytes. Nuclei were stained with DAPI (blue) for MIF staining (Fig. 3A) and CD74 staining (Fig. 3B ). Chondrocytes were subjected to immunofluorescence stain with FITC-conjugated MIF antibody (green) (Fig. 3C ) and CD74 antibody (Fig. 3D) . The merge image was observed for MIF (Fig. 3E) and CD74 (Fig. 3F) , and no immunoreactivity was found in the IgG controls (Fig. 3G) .
Cartilage End plate Degeneration and MIF MIF might be involved in the cartilage end plate degeneration by enhancing the expression and secretion of IL-6, IL-8 and PGE2. TNF-a and lipopolysaccharide increased MIF mRNA expression in a dose-dependent manner (Fig. 4) . TNF-a and lipopolysaccharide induced a dosedependent increase in MIF in DMEM/F12. DMEM/F12 was used as a control (Fig. 5) .
Detectable quantities of proinflammatory cytokines IL-6, IL-8, PGE2, IL-1b, and TNF-a were produced without stimulus. MIF induced a dose-dependent increase of IL-6, IL-8, and PGE2 release. IL-8 increased more than IL-6 and PGE2 in response to MIF (Fig. 6) . Although there were TNF-a and IL-1b secretions in the culture medium, MIF did not exert an effect on TNF-a and IL-1b secretion.
Suppression of MIF-induced Inflammatory Cytokine Release
ISO-1 could be used to suppress the MIF-induced secretion of IL-6, IL-8, and PGE2. A comparable upregulatory effect was observed as MIF-induced release of IL-6, IL-8, and PGE2 at 10 and 100 ng/mL for 12 hours; however, 100 lg ISO-1 significantly downregulated IL-6, IL-8, and PGE2 secretion in response to 10 and 100 ng/mL MIF (Fig. 7) . ISO-1 did not induce inflammatory cytokine release and did not exert an effect on MIF-induced TNF-a secretion (95% CI, DMEM/ F12: 22.06-26.32 pg/mL; ISO-1: 24.04-32.42 pg/mL, p = 0.11; and IL-1b, 95% CI, DMEM/F12: 21.88-26.63 pg/ mL; ISO-1: 23.76-29.8 pg/mL, p = 0.23).
Activation of CD74 Antibody
The activation of MIF receptor CD74 could induce the secretion of inflammatory cytokines IL-6, IL-8, and PGE2. CD74Ab induced a dose-dependent increase in IL-6, IL-8, and PGE2 in the culture medium. No MIF was detected in the culture medium alone. IL-8 (95% CI, 300.54-325.39 pg/mL) increased more than IL-6 (95% CI, 167.42-209.11 pg/mL) in response to 20 lg CD74Ab, and IL-6 increased more than PGE2 (95% CI, 100.41-111.19 pg/mL) in response to 20 lg CD74Ab (Fig. 8) . However, CD74Ab did not exert an effect 
Discussion
MIF reportedly promotes inflammatory cytokine release through the CD74 receptor, and it is closely related to the inflammatory cytokines expressed in degenerated intervertebral disc tissues [6, 23, 24, 32] . However, the inflammatory role of MIF and CD74 in cartilage end plate largely remains unclear.
The potential clinical implications of our study might be beneficial for therapeutic intervention in disc degenerative disorders. We therefore asked whether (1) MIF and MIF receptor CD74 are expressed in cartilage end plates with Type 1 Modic changes, (2) MIF is associated with cartilage end plate degeneration, (3) the MIF antagonist ISO-1 suppresses MIFinduced inflammatory cytokine release, and (4) inflammatory cytokines are released by cartilage end plate chondrocytes via CD74 by CD74Ab. and 100 ng/mL) for 6 hours, lipopolysaccharide increased MIF mRNA levels in the cultured cells. Total RNA was extracted and reverse-transcribed by RT-PCR. The expression level of MIF was normalized to GAPDH. Data are presented as mean ± SD and expressed as a percentage of control. p* = probability value as compared with the 0 ng/mL group; p# = probability value between groups.
We acknowledge limitations to our study. First, although we examined the mechanism of cartilage end plate inflammation in patients with Type 1 Modic changes, MIF and CD74 play a crucial role in initiating and promoting inflammatory response in intervertebral disc degeneration, and targeting MIF by ISO-1 in intervertebral disc disorders can reduce inflammation. However, this being a laboratory-based in vitro study, the effect of ISO-1 on the body systems remains largely unknown. In vivo studies involving cartilage end plate with Type 1 Modic changes from animals are needed for future research regarding the safety and efficacy of ISO-1 as an intervention in inflammatory and degenerative disease. Nevertheless, the data reported here provide a theoretical basis for further research. Second, cells in degenerated intervertebral disc tissues are composed of heterogeneous cell types, such as macrophages [31] , and the Passage 0 culture is not pure, although macrophages are suspension 1, 10 , and 100 ng/mL) for 12 hours, lipopolysaccharide increased MIF expression in a dose-dependent manner as assessed by ELISA. Data are presented as mean ± SD. p* = probability value as compared with the DMEM/F12 group; p# = probability value as compared with the 0 ng/mL group. Fig. 6A -C The effects of MIF on proinflammatory cytokines expressed in cartilage end plate chondrocytes are shown. For dosedependent evaluation of protein secretion, cells were exposed to 0, 1, 10, and 100 ng/mL MIF for 12 hours and to DMEM/F12 as a negative control. The secretion of IL-6, IL-8, and PGE2 in the culture medium was assessed by ELISA. There were marked dose-dependent increases in (A) IL-6, (B) IL-8, and (C) PGE2 protein secretions. Data are presented as mean ± SD. p* = probability value as compared with the DMEM/F12 group; p# = probability value as compared with the 0 ng/mL group. cells that can be removed by culture medium replacement. However, the cartilage end plate chondrocytes are under the stimulus of macrophage-induced MIF at a different level, which might affect accuracy of results. Chondrocytes from nondegenerated cartilage end plates are needed for negative control in future studies. Nevertheless, we subjected cartilage end plate chondrocyte culture from the same patient to each experiment at the fourth passage of culture in our study, and this study represents overall trends of data despite discrepancies between groups. Third, we did not include patients with normal and other types of Modic changes in cartilage end plates in our study. A previous study showed that Type 1 Modic changes are an ongoing active degenerative process which are featured with fissured end plates with adjacent vascular granulation tissue adjacent in the bone marrow [26] . Cartilage end plates with Type 1 Modic changes are much more commonly associated with severe inflammation response than that with Type 2 Modic changes [29] . However, the current study is a pilot study and is based on the phenomenon that inflammation is more closely related to cartilage end plates with Type 1 Modic changes than cartilage end plates with normal and other types of Modic changes. Cartilage end plates with normal and other types of Modic changes should be included to further elucidate the pathophysiologic mechanism of MIF in disc degeneration. Nevertheless, this is a different study question that merits a separate dedicated research effort. MIF is an important proinflammatory cytokine involved in many inflammatory and autoimmune disorders in vivo via CD74. The upregulation of cell surface receptor CD74 is a step toward mediating MIF-CD74 signal transduction [27] . Veillat et al. [32] reported that MIF can induce human ectopic endometrial cells to secrete cell growth factor (VEGF), IL-8, and monocyte chemotactic protein-1(MCP-1) via CD44, CD74, and MAPK signaling pathway. Similar to their study, we found that MIF and CD74 are highly expressed in the cartilage end plate with Type I Modic changes. MIF might bind to CD74 and activate signal transduction, leading to the production of inflammatory cytokines. However, further study is required to determine the interaction mechanisms between MIF and CD74 in disc degeneration. Inflammatory cytokines such as IL-6, IL-8, PGE2, TNF-a, and IL-1b are closely related to disc degeneration and discogenic back pain. Studies have been done to elucidate their role in degenerative disease. Kim et al. [18, 19] showed that TNF-a and IL-1b are derived predominantly from macrophagelike cells, while IL-8, IL-6, and nitric oxide can be secreted by intervertebral disc cells. Le Maitre et al. [21] reported that TNF-a and IL-1b are expressed by cells in degenerate intervertebral disc tissues and may be associated with pathogenesis of intervertebral disc degeneration. However, Burke et al. [8] found that there is no TNF-a or IL1b secretion by intervertebral disc tissues after stimulation with lipopolysaccharide. We found that IL-6, IL-8, and PGE2 are increased after stimulation with MIF, although TNF-a and IL-1b do not increase. Taken together, these data support the notion that IL-6, IL-8, and PGE2 are produced mainly by cartilage end plate chondrocytes, whereas TNF-a and IL-1b are secreted predominantly from infiltrating cells in the degenerate intervertebral disc tissues, not native cartilage end plate chondrocytes. Furthermore, we found that IL-8 increased more than IL-6 and PGE2 in response to inflammatory stimulus, and IL-8 showed a similar trend as those reported by Kim et al. [18] . IL-8 is a chemoattractant for lymphocytes and neutrophils [4, 5] , present in significant concentrations in intervertebral disc tissues [1] . Therefore, our data suggest that IL-8 may play an important role in MIFinduced inflammation and warrants further investigation. ISO-1, a specific antagonist of MIF, is capable of reducing MIF elevations found in inflammatory disease to normal levels by turning off the auto-crine and paracrine loops, allowing the immune system to reset [2] . ISO-1 has been shown to be effective in inhibiting MIF in many of the disease models tested, such as inflammatory and autoimmune disorders and infectious disease [2] .
Cvetkovic et al. [14] showed that administration of ISO-1 significantly inhibited hyperglycemia and insulitis, decreased pancreatic MIF staining, and also reduced inflammatory cytokine production in autoimmune diabetes. Veillat et al. [32] found that ISO-1 can be used to suppress MIF-induced VEGF, IL-8, and MCP-1. Similar to their findings, our data suggest that ISO-1 not only induces the secretion of inflammatory cytokines (Fig. 7) , and but also neutralizes the proinflammatory activity of MIF, which would be beneficial for control of inflammatory activity was assessed by ELISA. There are marked dose-dependent increases in (A) IL-6, (B) IL-8, and (C) PGE2 protein secretions. Data are presented as mean ± SD. p* = probability value as compared with the DMEM/F12 group; p# = probability as compared with the 0 ng/mL group. and degradation of the extracellular matrix induced by inflammatory cytokines.
CD74 is an integral membrane protein which acts as a MIF receptor and regulates functions of the major histocompatibility complex Class II molecules; thus, many biologic activities of MIF are via activation of the CD74 receptor. CD74 immunostaining is increased in inflammatory diseases, and MIF binding to CD74 induces nuclear factor j-light-chain-enhancer of activated B cells (NF-jB) and the secretion of inflammatory cytokines [7] . CD74 can be stimulated by CD74Ab or MIF to increase the DNA and protein synthesis in the B cells through the NF-jB signal pathway [16] . We found that CD74 activation with CD74Ab leads to the secretion of the inflammatory cytokines IL-6, IL-8, and PGE2 in a dose-dependent manner. It seems that MIF secreted by cartilage end plate chondrocytes might interact with CD74 on the chondrocytes and subsequent cellular responses via the autocrine and paracrine patterns in the degenerate cartilage end plate tissues.
Our observations suggest MIF promotes inflammatory cytokine release from cartilage end plate chondrocytes with Type 1 Modic changes through the CD74 receptor, which would shed light on targeting the MIF/CD74 signaling pathway for cartilage end plate degeneration treatment. Combined treatment with a MIF antagonist ISO-1 could decrease the inflammatory response in cartilage end plates. Because inflammatory cytokines expressed in intervertebral disc tissues are closely related to the cartilage end plate degeneration, it is an alternative way to achieve a satisfactory therapeutic effect through reducing inflammation by ISO-1. However, in vivo study is needed to test the efficiency and safety of ISO-1. Our observations provide compelling evidence that the effectiveness of anti-MIF therapies in chondrocytes from patients with Type 1 Modic changes and potential therapies targeted at inhibiting MIF would be effective in the prevention of intervetebral disc degeneration, and the treatment of discogenic pain.
